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PREFACE

This report is one of several emanating fromthe Shipbuilding
Technol ogy Transfer Program performed by Livingston Shipbuilding
Conpany under a cost-sharing contract with the U S, Maritime Adm nis-
tration.

The material contained herein was devel oped fromthe study of the
Cost Accounting systems presently in operation in the shipyards of
| shi kawej i ma- Harima Heavy Industries (IH) of Japan. Information for
this study was derived from source docunentation supplied by IH,
information obtained directly fromIH consulting personnel assigned on-
site at Livingston, and from personal observations by two teams of
Li vingston personnel of actual operations at various IH shipyards in
Japan.

The original data on which this report is based contains cost informa-
tion proprietary to either Livingston Shipbuilding Conpany or |shikawejime-
Hari ma Heavy Industries Conpany, Ltd., (IH). The data contained in this
report have therefore heen edited to remove significant quantitative
val ues, whether manhours, material values in dollars or yen, manhours per
ton or whatever. The report has, however, been written throughout in such
a way as to retain the significance of its analyses despite this apparent
emascul ation.  This is achieved by relating every quantitative value to
one of a nunmber of common baselines, expressing each elimnated value as
a proportion of one or nmore relevant total values. In this way conparisons
can be made between val ues without conpromsing the confidentiality of
either LSOC's or IH's costs



In order to place this study in context within the overall Tech-
nol ogy Transfer Program a brief overview of the programand its
organi zation is provided in the follow ng paragraphs.
THE TECHNOLOGY TRANSFER PROGRAM (TTP)

The U.S. shipbuilding industry is well aware of the significant

shipbuil ding cost differences between the Japanese and oursel ves.

Many reasons have been offered to explain this differential and whet her

the reasons are valid or not, the fact remains that Japanese yards are
consistently able to offer ships at a price of one-half to two-thirds below
the U.S prices

Seeing this trenendous difference first hand in their own estimate
of a bulk carrier slightly modified fromthe IH “Future-32" class de-
sign, Livingston managenent determined not only to find out why this was
true but also to attenpt to determne precise differences hetween IH
and Livingston engineering and design practices; production planning
and control methods; facilites, production processes, nethods and
techniques; quality assurance methods; and personnel organization
operations and training. The obvious objective of such studies was to
i dentify, examne and inplement the Japanese systens, methods and pro-
cesses which promsed a significant inprovement in the Livingston
desi gn/ production process.

Wth this objective in mnd, and recognizing the potential appli-
cation of the TTP results to the American shipbuilding industry,
Livingston initiated a cost-sharing contract with MarAd to provide
documentation and industry semnars to reveal program findings and
production inmprovement results nmeasured during production of the



bulkers. At the same time, Livingston subcontracted with IH marine
Technol ogy Inc. (an American corporation and a subsidiary of IH
Japan) specifying the areas to be explored and the nunber and type of
I|H consulting personnel required during the period of re-design and
initial construction of the first bulker.

Basically, the programis organized into six major tasks:

1 - Cost Accounting

2- Engineering and Design

3- Planning and Production Control

4- Facilities and Industrial Engineering

5- Quality Assurance

6- Industrial Relations
Beneath each of these major tasks is a series of sub-tasks which
further delineate discrete areas of investigation and study. Each sub-
task area has been planned and scheduled to: 1) study IH systens,
methods and techniques; 2) conpare the Livingston and IH practices;
3) identify inprovements to the Livingston systems; 4) inplenent
approved changes; 5) document program findings, changes to the
Livingston systens, and the results of those changes; and 6) dissem
inate program findings and results to industry via MarAd.
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SECTION 1
| NTRODUCTI ON_AND VETHODQLQGY

This report is an account of the results of work performed in the first
study area of the Shipbuilding Technology Transfer program entitled “Cost
Accounting’. It is structured in four sections, of which this Introduction is the
first.

Injection 2, a comparison is made between LSCOs estimted costs for ne
first shipinits current series and IH's actual costs for the first Future-32
ship built at its Aioi shipyard, modified to allow for design variations. The
conparison is made in the context of LSCOs cost accounting system The
differences in manhours and material costs for each account are identified,
adj usted to a common baseline and ranked in order of significance.

In Section 3, the difference between the two conpanies’ cost accounting
and control systems are described and reviewed for potentially desirable benefits.

Finally, in Section 4, a further conparison is made between the two sets
of cost data presented in Section 2 and the actual costs incurred by LSCOin the
construction of the first ship in the series. The analysis contained in this
section also covers the projected costs at completion of the second and third ships
of the series, in order to evaluate early learning curve effects

The techniques used in this report to allow conparability of the two sets of
nunbers have been kept as sinple as possible. The basic methodol ogy is shown
inthe flowchart presented in|Exhibit 1-1|and described below, step by step

Step A- Definition of baseline COStS, estimated costs for the first LSCO
ship on the one hand and actual costs for the first IH-Aioi ship on the other,
wi thout any modification or adjustment. The LSCO baseline was devel oped by

LSCO's Estimating Departnental part of their normal duties: the IH baseline
was provided by IH Aioi fromactual cost accounting returns

1-1
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EXHIBIT 1-1
OLTLINE METHOSOLOGY

LSCO'S ESTIMATED COSTS FOR LSCO HuLt 751 IHI'S ACTUAL CDSTS FOR AlO! HIML 251
LABOR MATERIAL DYERHEAD 6EA LABOR MATERIAL PVERHEAD €3
M $ b 4 4 HH ¥ k4
| - 1 | |
REARRANGEMERT INTO LSCO'S 05T SYSTEH
MODIFICATIONS TO ALLOW FOR DESIGN CHANGES
DE-ESCALATION OF § 70 END-1977 VALUES CONVERSION OF ¥ TD $ AT 241 ¥/$
! i
ADJUSTMENTS FOR SUB-CONTRACT PRACTICES ADJUSTHENTS FOR SUB~CONTRACT PRACTICES
ADJUSTHENTS FOR OVERKEAD COMPARABILITY ADJUSTMENTS FOR OVERHEAD COMPARABILITY
T T
1 i |
ADJUSTMENTS FOR 6 & A COMPARABILITY ADJUSTHENTS FOR £ & A COHPARABILITY
g 1 T ]
1 1 1 .
LABOR COMPARISON MATERIAL COMPARISON OVERHEAD COMPARISON 6 & A COMPARISOX
RANKING OF VARIANCES RANKING OF VARTAMCES
ANALYSIS OF VARIANCEY JAXMALYSIS OF VARIARCEY [AMALYSIS OF YARIANCES] [ARALYSIS OF VAMCQ
REVIEW OF COST ACCOUNTING SYSTEMS
T
HMEASUREMENT OF ACTUAL COSTS

COMPARISON OF FIRST SHIP PROJECTED COSTS TO ESTIMATED LSCO AND ACTUAL IHI COSTS

1
]

AMALYSIS OF VARIANCES

i

COMPARISON OF FOLLOW-SHIP PROJECTED COSTS TO FIRST-SHIP PROJECTED COSTS

ANALYSIS OF LEARRNING CURVE EFFECTS

1-2




Step B Re-arrangenent of IH's baseline costs into the LSCo cost accounting
systemto provide direct itemby-item conparability. This was acconplished by
IH"s cost engineer with help froma LSCo cost accountant and required a review
of the detailed sub-accounts in each of IH's cost accounts and the assignment
of those costs to the appropriate LSCo cost account. No adjustnents were made
in this process. for direct conparability of sub-contract work or differences in
indirect accounting. The bottomline totals of manhours and material costs were
unchanged from the previous step.

Step C. Mdification of IH's costs to reflect design changes applied to
the IH design for construction in a US vyard. These adjustments were initially
applied to the material quantities by IH engineers working on the design changes
under LSCo's separate design contract with M. The IH cost engineer assigned
to this task then re-estimated manhours and material costs.

Step D Conversion of currencies and adjustnent for the time value of
mney. IH's actual costs were incurred in the first quarter of 1977 and were
therefore converted to dollars at the average exchange rate prevailing at that
time, which was 241 yen per dollar. LSCOs estimated costs were calculated on
the basis of costs prevailing in September of 1978. (Escalation was provided
for separately in developing the full contract price for LSCo's ships.) Because
of the significant differences hetween the exchange rates in the two periods;
it was decided to de-escalate LSCos estimated costs to March 1977 levels rather
than escalate IH's costs. This was done on a historical basis for steel, using
actual prices, while for other itens various industrial comudities price
i ndexes were used.

Step E Adjustnents were made for differences between sub-contracting
practices in the two shipyards. IH sub-contracts work to a much greater extent

than LSCo and it was generally possible to convert an IH sub-contract cost to

1-3



equi val ent |abor manhours and material dollars, especially for those itens which
were pure | abor.

Step F. Adjustments were made for differences between IH and LSCo
overhead accounting practices. Costs were transferred where possible from
overhead accounts to direct accounts for maximum conparability, but in some
cases it was not possible to define or to estimate a particular overhead cost
itemand it was necessary to transfer a direct cost to overhead.

Step G Adjustnments of a simlar nature were made for differences between
IH and LSCo G and A accounting practices.

The two adjusted cost breakdowns were then comparable on an itemby-item
basi s

Step H Direct conparison between |abor and material costs was made on
an itemby-item basis and with reference to one or nore conmon totals. Thus |abor
manhours for a particular itemwere conpared and |H's manhours expressed as a
proportion of LSCOs, but, in addition, both values were expressed as proportions
of total group costs such as hull steel, outfitting, etc., and as proportions of
total ship costs. A simlar conparison was made for material-costs

Step I. Labor and material costs were ranked, itemby-item in ascending
order of the size of the ratio of IH's cost toLSCo’s.

Step J: Analysis of the significant cost differences was mde for |abor
manhours and material costs separately, to identify as nuch as possible the
reasons for them

Step K A review of cost accounting systenms at LSCo and IH provided
insight into the differences between the two shipyards’ approaches to costing.

Step L. During the course of the ship construction program actual costs
were recorded and periodically conpared tothe estimated costs, @S IS normal in
any industrial operation. Particular attention, however, was paid in this pro-

gramto the items identified in this report as having significant variances and

1-4



to those covering areas of activity in which significant changes have been or
are being inplemented in the shipyard. In this way the trends in actual costs
were recorded as well as the actual costs thenselves.

Step M When the first ship was al most conplete, final actual manhours
and material costs were conpared to both the estimted values and IH's first-
ship actual costs in the sanme way as in Step H

Step N A variance analysis was then conducted in the sane way as in
Step J.

Step @ As the construction program progressed, follow ship costs were
al so recorded and compared, as in Step L. In this report the projected costs
at conpletion of the second and third ships were conmpared to LSCo's first ship
actual costs, as in Steps Mand N

Step P To the extent that sufficient data were available, an analysis
of learning curve effects was undertaken.

Because of the relatively large number of itens being considered, even at
this summary |evel, conparative values have been expressed as proportions rather
than percentages; i.e., as .0318 rather than as 3.18% Care has been taken
throughout to relate these proportions to their total, using sinple abbreviations
and synbols, as shown in the followng exanples:

Syl bol Meaning
| L Total |abor manhours at |H
I Sub-total hull |abor manhours at IH
HU
1L Sub-total Item 31 manhours at |H
LM Total material dollars at LSCo
LMy Sub-total hull mterial dollars at LSCo
1, Sub-total Item 31 material dollars at LSCo

1-5



In this way a relationship can be easily expressed in an intelligible way
without lengthy verbalizing. W nay say, for exanple, that IH's mterial costs
on Item25 are related to other relevant values according to the follow ng
expression, which would take half a page to put into words:

HU HU

IMye = .7825 LMyp = .2515 IM = .2650 LM = .0623 IM = ,0586 LM

1-6



SECTION 2
DEVELOPMENT OF COVPARABLE COSTS

LSCo uses a four-digit cost accounting system conprising a total of 62
two-digit itenms and 314 four-digit sub-itens. Estimates are prepared at the
itemlevel only and are broken down by sub-itemand department only in the
budgeting process. This study is confined to the two-digit item |evel

IH also uses a four-digit material cost accounting systembut it is
structured rather differently fromLSCo'S. IH records its direct [abor costs
by process, without reference to the accounts used for material and this system
is also very different from LSCO s
2.1 Labor Costs (Steps A B and Q)

In Step A the baseline direct labor manhours estimated by LSCo for the

first ship in its program were tabulated and are presented here as|Exhibit Il-1.
The baseline actual direct [abor manhours recorded by IH for the first Future-32

built at their Aioi shipyard were tabulated and are presented here in IH's

cost breakdown systemin [Exhibit II-2.

In Step B, IH's baseline actual direct [abor manhours for their first sh

are re-arranged in the LSCo cost system this is presented here inlExhibit [1-3

In Step C, IH's baseline actual direct |abor manhours for their f
ship are modified to allow for the design changes required for U.S construction
this is presented in| Exhibit I1-4,

2-1
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EXHIBIT 11-1

BASELINE ESTIMATED DIRECT LABOR MANHOURS

DESCRIPTION

Contractual Costs
Bu{lding Ways and Launching
Mold Lofe

Yarehousing

Constructicn Services

Clean Up

Testing and Inspection
Insyrance, Christening, etc.

Prelizinary Items .

Enginearing

Planning and Production Control -

Supervision

Staff ltems

Hull Bottom

Hull Bulkheads and Framing
Hull Sides and Attachzents
Hull Decks and Flats

Hull Ianer Bottom

Bulwerks 2nd Windbrsaks
Deckhouses

Steel Scrap

Welding Suppliac

Hull Stael Itesms

Miscellanesus Kull Structure
Founcasions and Tanks

Deck Fittings

Lzdders below Deck

Laddars atove Deck

Doors and Hatches

Benches and Shelving

Amings

Kinor Stael Iteas

Sternfrzame and Starntube
fudder

Port Lights and Windows
Derricks and Cranes
Stesring Systems
Propeliers and Shafting
¥achicery and Equipment
Feoring Equipment

Safety Requirements

Xachinery Itsme

Quarters Outfit

Haztdmm Vawnelts ax

Haating, Ventileticn & Air Cﬁﬁé‘%ﬁdning

tlectrical Systems
81asting and Painting
Piping Systams

OQutfissiag Items

A1l Itens

Pralizinary and Staff Iteng
Ai1 Scael lsame -

A1l Qusfitting Itens

A.! z..—.

YKUPURTION

.0019
0151




Ao EXHBIT 1-2
BASELI NE ACTUAL DIRECT LABOR MANHOLRS

Process Proportion
Egk(rh Lfgtfiton .' g i
é?ggtm}g ' 6%
Servi ces . 0666
Sub-total, Hull Construction 5632
S i
P Pe Fabrication 035
Pacﬂtilng?y 8§§
ctric .'
bt 033
Sub-total, Fitting 4368
Total, All Processes 1.0000
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EXHIiBIT 11-3

BASELINE ACTUAL DIRECT LASOR MANHOURS

{RE-ARRANGED IN THE LSCO SYSTEM)

DESCRIPTION

Contractual Costs

Building Ways and launching
Mold Lofe

h'erehousing

Pt el Bl o

LU LI UG e ¢l STTYILEY

Clean Up

Testing ang Inspection
insurance, Christening, etc.

Preliminzry Items

Enginearing
Planning and Production Control
Supervision

& 2& Thnm o
3 L ]

Hull Bottom

Hull Bulkheads and Framing
Hull Sides and Attachments
Hull Decks and Flats

Hull Inner Bottom
Bulworks 2nd Winchrazks
Dackhouses

Stael Scrap

Welding Supplies

Hull Stasl Items

Misceilanepus Huil Structure
Founcaticns and Tanks

Deck Fittings

Ladders below Deck

Laddars 250ve Dack

Doors and Hatches

Benches and Shelving
Awnings

Minor Stes] Items

Sternframe and Sterntube

Rudder

Port Lights and Windows

Darricks end Cranes
tearing Systems

Prepellers and Shafting

Machinery and Equipment

Mooring Equipment
Safety Requirements

Machirery Items
Quarters Outfit

Hezting, Ventﬂation & Air Conditioning

Blecsriaal S Sysiems
Blasting and Painting
Piping Systams

Outfitting Items

A1l Items

Preliminary and Staff Items
A1l Stas] Izems

L£11 Nedieelan Toame
o8 8 L4 4 13 ....‘I, &

A1l Iteas

PROPORTION

.0025
0130
0421
0304

Nnaoy

ewTwI

0125

.1493

AN Y

0126

027
0014

.1626
.5026
-3347

1,0000

® A —————
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Sub-total

TOTAL

leFIED ACTUAL DIRECT LABOR MA
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EXHIBIT 11-4

NHOURS

Aswwas vao eIy Wi

lmmnm £OR DESICN LHANCEC }

DESCRIFTION

vsraceuel Cases
Buﬂdh; Wzys and Leunching
rxm: tofs
warshousing
Conscruction Services
Clean Up
Testing zng Inspeceion
Ir.surmc_ Christening, ete..

Prelizinary Items

Enginearing
P'lamin; and Production Control

Supervision

Staff Items

Hull Bottom

Hull Sulkhe:ds and Frezing
Hull Sides and Astachzenss
Hull Decks and Flats

Hull Inner 2eteom

Bulworks and Windiraaks
Dezkhouses

Stee] Scrap

Welding Supplies

Miscellaneous Hull Strucsure
Foundations and Tanks

Deck Fittings

Laddars below Desk

L2ddars above Dezk

Docrs and Hatches

Benches and Shelving

Amings

Starnfrzce and Sterntubde

- 1YV > J
RIGGET

Port Lights and Windows
Derricks and Cranes
Steeﬁng Systems
Prcpeilers and Shafting
Machinery and Equipoent
Mooring Zquipment
Sefety Regquirements

Mackinery Items
Duartere Outfie

Bettinq, Yentilation & Alr Condis
Electrical §

Blasting and Painting
Piping Systems

Prelizinary and St2%f Ite=g
A1} Sta2s) Jtams
ANl Qutfitsing Items

AT Items

PROPORTION

.0023

o o 116 -



2.2 Material Costs (Steps A, B, Cand D)

In Step A the baseline direct material dollars estimated by LSCo for the
first ship inits programwere tabulated and are presented here as| Exhibit II-5.
The baseline actual direct material costs in yen recorded by IH for the first
Future-32 built at their Aoi shipyard were tabulated and are presented in
IH"s cost breakdown system in [Exhibit II-6.

In Step B, IH's baseline actual direct material yen for their first ship
are re-arranged in the LSCo cost system this is presented here in|Exhibit I1-7. |

In Step C, IH's baseline actual direct material yen for their first ship
are converted into dollars at the exchange rate current in March, 1977: this is
presented here in|Exhibit -8

In Step D, LSCo'S haseline estimated direct material dollars for their
first ship are de-escalated from Septenber, 1978 values to March, 1977 val ues,
according to factors established in[Exhibit 11-9;| the results are presented
in(Exhibit 11-10) Also in Step D, IH's baseline direct material dollars are

modified to allow for the design changes required for U.S construction: this
I's presented here in|Exhibit I1-11

2-6
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= EXHIBIT 11-5

BASELINE ESTIMKTED DIRECT MATERIAL COSTS

17EM 4 DISCRIFTION PROPORTION

v Contraczual Cosss 0332
03 3ufldi=g Weys an¢ Launching 0067
05 Mol¢ Loft -0029
05 Varshousing .0026
0?7 Consirucsion Services .0064
08 Clean Up .0006
05 Testing and Inspectien . .0026
1 Insurence, Christening, ese. .0350
Sub-total Prelizminary Jta=s .0912
01 Enginearing .0939
02 Flanaing and Production Conirol -

8s Supervision -

Sub-total , Staff Items .0939
13 Hull Botzom N
15 Hull ulkheads and Frazing -0570
7 Full Sides and Attachmanss 0253
21 Hull Decks and Flass _ .0188
23 Hull Imner Botiom ) 0334
27 Sulworks 2nd Windsreaks .0005
37 Dackhouses .0082
87 Steal Scra2p 0159
as Welding Supplies 0149
Sub-totel Hull Stazl Items 1854
1% Miscellansous Hull Structure -0002
25 foundztions and Tanks D005
a2 Dack Fittings .0036
35 Ladders below Deck .0016
&5 ladders above Deck 0012
73 Doors and Hatches 0551
75 Banches and Shelving -0005
77 Awmings 0001
Sub-tnta) Hinor Steal Items 0631
29 Sternframe and Starntube’ .0046
31 Rudder .0021
45 Port Lights and Windows .D029
57 Derricks and Cranes 0238
81 Steering Systexs . .0063
83 Prepellers and Shefting 0124
& Machinery and Eguipcent .2445
&9 Mooring Equi 0317
7l Safety Requiresants 0144
Sub-total Machinery Itexs .27
39 Guertess Qutfit 0574
67 Heatdng, Ventilation & Afr Conditioning -0169
79 Electrical Systaas -0645
8i Biasting and Painting Liy3
83 Piping Systams .0545
Sub-total OutFitting Ite=s 2227
Total A1l It=ms . 1.0000
Sub-tota) Prefi=inary and Se2ff ltes -1830
Sub-tot2] A1l S=as] Tiems -2495
Sub-total A1l Cusfitsing lte=s 5654
TOTAL AN Items i 1.0000

2-7
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Aict

Sub-total

20
21
22
23
24
25
26
27
28
29
32
33
3
35
36
37
3

Sub-total

40
41
42
43
44
45
46
47
48
49

Sub~-total

Sub-total

Total

EXHIBIT 11-6

BASELINE ACTUAL DIRECT MATERIAL COSTS

OESCRIPTION

Standard Haterial

Hull Steel

Electrodes

Large Castings & Forgings

Rull

Standard Material
Hoodwork

Deck Coverings

Paint & Anodes
Navigation & Communication
Hooring Gear

Masts & Hatches
Miscellaneous Outfit
Lighting & Ventilation
Hull Piping

Piping Controls
Refrigeration

Joiner Hork

Living Quarters

Deck Machinery

Other 4aterial
Supplemental Material

Qutfit

Standard Material
Main Engine

Boiler

Shaft & Propelier
Auxiliaries

Funnel & Stack
Piping
Instrumentation
Other Qutfit
Supplemental Material

Machinery

Standard Haterial
Generators & Distribution
Secondary Power

Lighting & Signals

Navigation, Communication Controls

Miscellaneous

Cable

Accessories

¥ireless
Supplepental Material

Electrical

A1} Items

PROPORTION

.0001
.2328
.0166
.0284

.2740
.0133
.0004
.0036
.0204
.0037
0119
.0788
.0208
.0043
.0103
.0039
.0017
.0087
.0339
L1018

[UR.



EXHIBIT 11-7
BASELINE ACTUAL DIRECT MATERIAL COSTS
{RE-ARRANGED IN THE LSCO SYSTEM)

g

2-9

DESCRIPTION PROPORTION
00 Contractual Costs -
03 Building Ways and Launching -
o Mold Loft -
06 Warehousing -
07 Construction Services -
08 Clean Up -
09 Testing and Inspection -
11 Insurance, Christening, etc. -
Sub-total Preliminary Items -
01 Engineering -
02 Planning and Production Control -
85 Supervision -
Sub-total Staff Items -
13 Hull Bottom ..0301
15 Hull Bulkheads and Framing 0446
17 Hull Sides and Attachments .0508
21 Hull Decks and Flats 0455
23 Hull Inner Bottom 0446
27 Bulworks and Windbreaks® D015
37 Deckhouses 0157
87 Steel Scrap -
89 HWelding Supplies 0176
Sub-total Hull Steel Itess .2505
19 Miscellanzous Hull Structure 0007
25 Foundations and Tanks 0163
13 Deck Fittings .0008
35 Ladders below Deck .0029
55 Ladders above Deck 0018
73 Doors and Hatches 0799
75 Benches and Shelving 0026
77 Awnings .0001
Sub-total Minor Steel Items .1050
29 Sternframe and Sterntube 0136
31 Rudder 0128
45 Port Lights and Windows 0017
57 Derricks and Cranes 0772
3 Staering Systess 0040
63 Propellers and Shafting 0224
€5 Machinery and Equipment 12665
69 Mooring Equipment 0266
V2] Safety Reguirements 0132
Sub-total Machinery Itess 4381
39 Quarters Outfit 0529
67 Heating, Ventilation & Air Conditioning 013
79 Electrical Systems 0593
81 Blasting and Painting 0187
83 Piping Systems - 0540
Sub-total Outfitting Items Jdo72
Unassigned ltems .0093
TJotal A11 Items .1.0000
Sub-total Preliminary and Staff Items -
Sub-total All Steel Items .3458
Sub-total A1l Qutfitting 1tems .6546
Total A1l Items 1.0000



EXHIBIT 11-8

BASELINE ACTUAL DIRECT MATERIAL COSTS
(CONVERTED TO DOLLARS & ¥241/$)

C.h_oneal
UV W R

ITEH 4 DESCRIPTION
t11) Contractual Cosss
03 Building Ways and Launching
05 Mold Loft
06 Warehousing
07 Construction Services
08 Clean Up
09 Testing and Inspection
n Insurance, Christening, etc.
Sub-total * Preliminary Items
1) Engineering
02 Planning and Production Control
85 Supervision
Sub-total Staff ltess
13 Hull Rottom
15 Hull Bulkheads and Framing
17 RHull Sides and Attachments
Zi Hull Decks and Flats
23 Hull Inner Bottom
27 Bulworks and Windbreaks.
37 Deckhouses
87 Stesl Scrap
!0 Welding Sunplies
Sub-total Hull Steel Items
19 Miscellaneous Hull Structure
25 Foundations and Tanks
a3 Deck Fittings
35 Ladders below Deck
- 8% Ladders above Deck
73 Doors and Ratches
75 Benches and Shelving
7 Awnings
Sub-total Minor Steel Items
25 Sternframe and Sterntiube
3 Rudder
45 Port Lichts and Windows
57 Derricks and Cranes
61 Steeriog Systems
63 Propellers and Shifting
65 HMachinery and Squipment
69 Moorina Equipment
n Safaty Racuirements
Sub-total Machinery Jtems
39 Quarters Outfit
67 Heating, ¥entilation & Air Conditioning
75 Electrical Systoms
81 Blasting and Painting
83 Piping Systems
Sub-total Qutfitting Itess
Unassigned Iteas
Total A1l Itess
Sub-total Preliminary and Staff lters
Sub-total All Steel Items

AYTY Nuuefsetinn T+ame
Nie Vhel Sawiily & vems

PROPORTION

e

nan

WUV

.0508




1TEM ¢

00 Thru N

13 thru 27,31,

33,35,37,55,
87,89

29,

39

45,73,75,77

57,61,63,65
67,69,7M

78

8

83

EXHIBIT 119
DE-ESCALATIOR FACTORS

DESCRIPTION INDEX INDEX
USED /78

Preliminary ltems Industrial 212.5
Commodities

Steel Items Steel $400/ton
Prices

Sternframe & Tube Foundry 253.8
Products

Quarters Qutfitting Industrial 212.5
Comodities

General Outfitting Industrial 212.5
Commodities

Outfitting-Machinery  Gen. Purpose 219.7

and Equipment Machinery

. & Equiptment

Electrical Systems Electrical 166.4
Machinery &
Equipment
Copper Hire 147.2
& Cable

Blasting & Painting Prepared 192.6
Paint

Piping Systems Pipe 285.5
¥Yalves & 235.0
Flanges

2-1

VALUE DE-ESCALATION

377" T FACioR
19.7 0.%021
$360/ton 0.5000
TTR25.T T 7 0.8%00
191.7 0.%021
191.7 0.9021
197.5 0.8990
151.9 0.9128
150.6 1.0231
0.9680
178.9 0.9289
239.9 0.8403
213.6 0.5089
0.8748
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Z=IRAKRES

Sub-total

o
02
8

Sub-tot2l

25
A
45
57
61
£3
&
€5
n

Sub-total

Sub-total

Total

Sub-2o2ad
Sub-2c221
Sub-total

TOTAL

EXHIBIT 11-10
BASEL INE ESTIMATED DIRECT VATERIAL COSTS

DESCRIFTION

Contracsuai Ceses

Buflding Ways and Launching
Mold Lofe

Werehousing

Conszruction Services

Clexn B

Testing and Inspection
Insurance, Christaning, e3t.

Prelizinary Itens

Hull Botiom

Hull 3ulkhe:ds and Framing
Full Sides and Attachrmants
Hull Dezks and Rats

Hull lnner Bottam
Bulworks 2nd Windbraaks
Deckhouses

St2el Scrap

Weldine Surplise

Hull Staal Items

Hiscﬂhneous Hull Structure
reunda:xcrs and Tanks

Mo als
WCoh ( lbblngi-

Ladders below Deck
Ladders 2bove Deck
Doors ané Kaiches
Benchss and Shelving
Awnings

Minor Staa] Itamg

Sternframe and Sterntube
Rudder

Port Lights and Windows
Derricks and Cranes
Stesring Systems
Prepallers and Shafting
Machinery and Equizent
Mooring Ecuipment

Szfntv Requirsmante

Machinary Items

Qurartars Outfit
Heat irg, Yentﬂl.ion & Air Conditioning

......

< 3
Bl2sting and Painting
Piping Systams

Outfitsing Items

A1 Items

Prelicinary and Staff Iterms
A1l Stee] Isems

A1Y Outfitting Itaxs

A1l Items

2-12

PROPORTION

.0332
.0067




TizM ¢

00
03
05
06
07
08
08
N

Sub-total
01
02
&

Sub-total

Sub-total

Total

Sub-tatal
Sub-total
Sub-total

TOTAL

EXHIBIT 1I-11

MODIFIED ACTUAL DIRECT MATERIAL COSTS

(MODIFIED FOR DESIGN CHANGES)

Contractual Cests

Building Ways and Launching

Mold Loft
Warahousing

Constructicn Servicas

Clazn Up

Testing and Inspection
Insurance, Christening, etc.

Prelimi

nary Items

Enginsering

Planning and Production Control

Supervision

taff ltams

3

Hull Bottom

Hull 3ulkheads and Framing
Hull Sides and Attachments
Hull Becks and Flats

Hull Innsr Bottom

S8ulworks 2nd Windbraaks

Deckhousas
Stesl Scrap

Welding

Supplies

Hull Stael Items

Miscallanesus Hull Strucsure
Feundations and Tanks

Deck Fittings

Ladders
Laddars

beiow Dack
above Dack

Doors and Hatches

Benches and Shelving

Awnings

Minor Stas] Itams

Starnframe and Starntubs

Rudder

Port Lights and Windows
Derricks and Cranes

Steering Systams

Propellars and Shafiing
Machinery and Equipment

Mooring Equipment

Safety Requiramants

Machinary Itams

Quarters Outfit

Heating, Ventilation & Alr Conditioning

Electrical Systams

Blasting and Painting

Piping Systams

Outfitting ltems

A1l Items

Preliminary and Staff Items

A1l Stze] Items

A1l Cutfitting Items

A1l Items

2-13

PROPORTION

0173




) Adjustments for Sub-Contract Practices (Step E)

Sub-contract practices differ greatly between the two shipyards.

IH sub-contracts nost of the steel fittings in each ship - foundations,
| adders, masts, etc. - and much of the minor outfitting work, particularly that not
covered by the pre-outfitting and modular outfitting work. This practice is
directly related to IH's enployment practice: in a shipyard with a constant |abor
force in each shop, it becomes essential to sub-contract not only those activities
that are only occasionally required but also a proportion of all activities, as
an aid to workforce levelling. IH is obviously quite capable of making and in-
stalling its own ladders but it chooses not to. IH controls all sub-contractors,
however, in away unfamiliar to US. shipyards, by supplying much of the material,
closely supervising the work and tightly scheduling delivery and installation.
Sub-contracts are based on a specified nunber of manhours and a |abor rate, so
that in effect, IH is often only buying sub-contract |abor.

LSCo sub-contracts those activities that are only occasional ly required,
preferring to do as nuch work as possible with the LSCo workforce and |evelling

the [abor force as nuch as possible with the aid of ship repair and non-narine
contracts

|H identified for this study the itens that were sub-contracted by their
Aioi yard on the first Future-32 and these are tabulated here in{Exhibit 11-12
For each item IH calculated the adjustment to their actual costs necessary to

make the scope of each itemcorrespond to the scope of work as undertaken in LSCo.
These adjustments, which necessarily involve a decrease immaterial dollars and

a corresponding increase in manhours, in sone cases cover manufacture and install-
ation and in other cases only installation, depending on whether LSCo buys the
item or whether they also make it. The adjustments include the nodifications
necessary for design changes.

2-14



LSCo normal |y sub-contracts flooring, insulation, air conditioning, ventila-
tion, and refrigeration, all of which IH does itself, except for some itens,
such as ducting, which it sub-contracts in the way described above. LSCo also
sub-contracted extensive prelininary design and engineering work on this
particular contract. The baseline estimate for the first LSCo bul ker also in-
cludes a proposed sub-contract for quarters joinerwork: this is also converted
here to direct [abor manhours. LSCo has estimated the adjustments to their

baseline estimte necessary to express these sub-contracts as direct material
and |abor, as shown in|Exhibit I1-13.

2-15



LSCo
ITEM ¢

l .
JAWESL
/

EXHIBIT 11-12

ADJUSTMENTS FOR SUB-CONTRACT PRACTICES AT IHI

SUB-CONTRACT

25

w
(31

55

7

73

)
10

Foundations for Mooring Equipment
Foundations for Life Saving
Equipment

Foundations for Auxilfary Machinery
Tanks

Bollards

Gratings, Ladders, etc.
Ladders, Walkways
gratings
Ladders

Josnerwork (raw materials)
Joinerwork (accessories)
Cabin Fittings

Furniture

Tiling

Companion Ladder
Walkways '
Hand Rafls -
Staircases

Banisters

Mast
Radar Mast
Jib Rest
Davit

Suez Davit

RHoist

Ventilation Heads (quarters)
Ducting (quarters)
Ventilation Heads (holds)
Ventilation Heads (other)
Ducting (other)

Air Duct

Boat Davit
Accommodation Ladder
Pilot Ladder

Doors & Manholes
Hold Hatches
Other Hatches

Shelf
Work Table
Liner

Cable Hannars
Coaming
Penetrating Piece
Cable Pipe
Foundations

Spindle

Pipe Hanger
Pipe Cover
Expansion Tank
ME Exhaust Pipe
Pipe Hangers

Total Adjustments

i e afIEPE R N

REDUCTION IN INCREASE IN
MATERIAL PROPROTIOM LABOR PROPORTICN

00015 .00225
00002 .00034
.00081 .00373
00411 .02204
00490 02836
.00022 .00119
00022 .

.00023 .00245
.00038 .00183
;00054 .00388
.00017 .00122
00132 00937
.00153 00741
.00016 .00428
.00342 .01159
00242 00960
00022 .00212
.00776 .03501
.00016 00094
.00010 .00048
.00038 .00163
.00033 .00186
00021 .00105
00118 00537
.00017 .00128
.00019 00226
.00009 .00047
.00009 .00048
00008 .00042
0006eT .

00223 .01056
00223 01056
00022 .00154
.00029 .00116
00017 .00151
.00012 .09065
00006 .00020
00078 .00377
.00089 00455
.00048 .00433
00014 .00061
.00132 .00554
.00015 .D0055
00005 .00025
00153 00634
00001 .00003
.00011 .00036
00033 .00153
00045 .

00037 00251
.00005 .00010
.00008 .00058
.00018 .00037
00033 .00298
00100 09658
.00034 00031
.00019 .00490
00095 00517
.00014 .00075
.00028 .00182
00062 .00270
00252 01564
.02688 L1444



EXHIBIT 1113

ADJUSTMENTS FOR SUB-CONTRACT PRACTICES AT LSCO

SUB-CONTRACT

Preliminary design
Joinerwork

Reefer spaces

Deck coverings

ER ducting, etc.

A/C and refrigeration
equipment

Accom. ducting, etc.

Dintna Snraladian
Fipiiy 1nouiacivi

2-17

REDUCTION IN
MATERIAL PROPORTION

INCREASE IN
LABOR PROPORTION

ANCAN

.080650
02720
.00021
.00440
.00158

.00728
.00093

NnN2%o0

aVVS LT
r———

13181

02622
.00025
.00434
.00158

.00720
.00092

ANAOH
« UUHOI

.04538



2.4 Adjustments for Indirect Accounting (Steps F and G

|H identified for this study a nunber of costs which are classified in
their systemas indirect (whether overhead or G & Ain nature) but which were
identifiable as attributable to the baseline ship. These costs are tabul ated
in|Exhibit 11-14,

In addition to these costs, LSCo estimted some IH costs which in [H's
systemare indirect but in LSCo are direct, based on examnation of IH's
organi zation and manning. These costs are tabulated in|Exhibit Il-15,

In order to achieve direct conparability between the two sets of costs,
those costs which in LSCo are direct but which in IH are not only indirect but
al so unidentifiable or inestimble were removed fromthe LSCo estimted cost
summary. These costs are tabulated in|Exhibit Il-16.

2-18



EXHIBIT 11-14
INDIRECT COSTS IDENTIFIED AS ATTRIBUTABLE TO IHI HULL 2851

LSCO LABOR HATERIAL
1TEM # DESCRIPTION PROPORTION PROPORTION
00-01 Towing 0056
00-02 Spare Parts 0169
00-05 Commissions 0813
.1040
01-01 Engineering .1915
01-02 Hodel 0018
01-03 Classification .0079
- .1915 .0097
03-03 Launching 0022
03-04 Drydocking .0045
03-05 Moving of Vessel .0010
. 0077
09-10 Sea Trials .0011
L0011
11-01 Insurance 0052
0052

Total Additional Costs:

e

1277

2-19



EXHBIT 11-15
ADDI TI ONAL | NDIRECT COSTS ESTIMATED BE AITRIBUTABLE TO IH HULL 2581

% DESCRI PTI ON PRH%% N PM&’EJ%WO\I
08 Ceaning (2 1/2% 0231
(0231
85 Supervision (forenen 4, 0%
o0 s 05 0B
Total Additional Costs: . 0665
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LSCO

ITEM #

00-01
00-03

03:02
05
06
07
08
09
11-02
11-03

Total

EXHBIT I1-16

DI RECT QOSTS REMOVED FROM LSCO QQST ESTI MATE

DESCR! PTI ON

gu } ﬂer gces
T

rehou5| %
nstr ct| n Services

Eﬁst|n aﬁd I nspection

rIS en ng

REDUCTLON | N

LABCR P

REDUCTI ON_| N
ROPCRTI QN MATERIAL PROPCRTI ON

Al Items

2-21

1

. 0060

.0248
.0001
.0008

.0332



2.5 Cost Conparison (Steps Hand I)

The various re-arrangenents, nodifications and adjustnents described above
have finally resulted in two sets of conparable figures - direct |abor manhours
and direct material dollars - and a body of information that provides some
grounds for conparison between LSCo'S and IH's overhead and G & A rates.

In Step H the two sets of direct labor manhours are conpared and the ratios
of IH"s actual figures to LSCo'S estimate are calculated: the results of this

step are tabulated in Exhibit I1-17. | A simlar conparison of direct material

dollars results in the tabulation shown in Exhibit II-18.

The conponents of each shipyard's overhead and G & A are tabulated for
conparative purposes in (Exhibits I1-19 |and [II-20.

Finally, in Step I, the ratios of IH's actual results to LSCo's estinmates

are ranked in ascending order, as shown in |Exhibits Il-21|for |abor and |I-22

for material.
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EXHIBIT II-12

COMPARISON OF ADJUSTED DIRECT LABOR MANHOURS

1TEM 4 DESCRIPTION
00 Contractual Costs
03 Building Ways and Launching
05 Mold Loft
06 Karehousing
07 Construction Services
08 Clean Up
09 Testing and Inspection
11 Insurance, Christening, Ete.
Sub-Total Preliminary ltams
01 Engineering
.02 Manning and Production Control
85 Supervision
Tub-Total Staff [tems
13 Hull Bottom
15 Hull Bulkheads and Framing
17 Hull Sides and Attachments
21 Hull Decks and Flats
23 Hull Inner Bottom
27 Bulworks and Windbreaks
37 Dackhouses
87 Steel Scrap -
89 Welding Suoplies
Sub-Total Hul}l Steel Items
19 Miscellaneous Hull Structure
25 Foundations and Tanks
33 Deck Fittings
35 Laddars below Deck
55 Ladders above Deck
73 Doors and Hatches
75 Benches and Shelvina
Sub-Total Minor Stasl [tems
28 Starnframe and Sterntube
31 Rudder
45 Port Lights and Windows
57 Derricks and Cranes
61 Steering Systems
63 Propellers and Shafting
65 Machinery and Equipment
69 Mooring Equipment
71 Safety Reguirements
Sub-iotal Machinery items
39 Quarters Qutfit .
67 Heating, Ventilation, Air Cond.
79 Electrical Systems
81 Blasting and Painting
83 Piping Systems
Sub-Total Outfitting Items
Total A1l Items
Sub-Total Preliminary and Staff ltems
Sub-Total All Stzel Items
Sub-Total All Outfitting Items
Total A1l Iltems

2-23

RATIO

.4493
3210
4956
1.4538
.5070
1160
6768

3634

.9502
L2157
.1081

.2842
.1752
3777
.4451
L5319
.104]
.2847

. 2549

1.0394
.5908
L1372
.3039
.3169

&m83338|§

ai®
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EXHIBIT 11-18

COMPARISON OF ADJUSTED DIRECT MATERIAL DOLLARS

ITEM # DESCRIPTION

00 Contractual Costs

03 Building Ways and Launching
05 Mold Loft

06 Warehousing

07 Construction Services

08 Clean Up

08 Testing and Inspection

11 Insurance, Christening, etc.
Sub-total Preliminary Items

01 Engineering

02 Planning and Production Control
85 Supervision

Sub-Total 3taff Items

13 Hull Bottom

15 Hull Bulkheads and framing
17 Hull Sides and Attachments
21 Hull Decks and Flats

23 Hull Inner Bottom

27 Bulwarks and Windbreaks -
37 Deckhouses

87 Steel Scrap

89 Welding Supplies*

Sub-Total Hull Steel ltems

19 Miscellaneous Hull Structure
25 foundations and Tanks

33 Deck Fittings

35 Ladders below Deck

CH Ladders above Deck

73 Doors and Hatches

75 Benches and Shelving

77 Awnings

Sub=Total Minor Steel ltems

29 Sternframe and Sterntube

31 Rudder

45 Portlights and Windows

57 Derricks and Cranes

61 Steering Systems

63 Propellers and Shafting

65 Machinery and Equipment

69 Mooring Equipment

71 Safetv Recuirements
Sup-total Machinery Items

39 Quarters Outfit

67 Heating, Ventilation and Air Cond.
79 Electrical Systems

81 Blasting and Painting

83 Piping Systems

Sub-rotal (Qutritting Items

fotal A1l Ttems

Sub-Total Preliminary and Staff Items
Sub-Total A1l Stsel Items

Sub-Total A1l Quifitting Items

‘total Al Items

2-24

RATIO

1.651Q
1.0834

6689
"0786
=111

.7499

L7433

.7945
.7942
.7823
7466
J944
.8573
L5438

6356

1.8076
2.6918
.1270

.8772
.6621
-4091
.5166

1.6612
3.3006
.3167
7281
4472

.6456
4692
.4087
L6568

.5758
.9690
.4739
.5783
7584

.8464
.7055
.6378

RANK

3



60xx

61xx

62xx
63xx

fAvw

vTAA

65xx

66xx
67xx

F - T
VOAA

69xx

EXHIBIT II-19
COMPARISON OF OVERHEAD COST CATEGORIES

LSCo

Indirect labor,

enmandnéa

ncluding

e

i
Aa
Yeiiva g

SUPTL 1itbell
guards,
Janitors,
cierical support,
warehousing,
purchasing,
estimating,
program management and
direct personnel
charging indirectly.

Indzrect expenses, fncluding
dues and :ubSCi“lpqu‘uS.
travel and entertzinment,
employee relations
empioyee training,

safety program,

Maintenance and repair
L ] L ] "
n L ] L}

Other overhead accounts, including
socia1 security taxes,
unempioyment taxes,
depreciation, -
engineering supplies,
vacations,
holidays,
group insurance.

Safety supplies.

Operating supplies

Athaw Auanwhasd arrannte Inrindina
VeiT Uv:l HOUUY UnbWuilied g Iitws Uiy
workers' compensation insurance

general insurance,
gases,
utilities.
Otner overhead accounts, including
small tools,
rentals
profit sharing plan,
pension plan,
Bovernment compliance,

£ med ald
IR 1Y n!u.

physical examinations,
inventory variations,
janitorial services,
shop supplies,
materials handling,
sand removal.

2-25

S0xx

IHI
Sub-contractor support
£os

e Al shanéa el .
S OV Cnarier ung Uy

and cranes and of
blasting and priming
steel at miii

Operating supplies

Fuel and gas

Safety supplies

Small tools

Routine maintenance and repair
- L ] ] -

Office supplies and copying
Domestic travel

Printing

Cleaning

Welding tests

Training

Entertainment mjor

- minAr

Books and newspapers
Overseas travel
Communications

Dues

Overseas offices

Advertising

Safety equipment,
heaith, recreation,
employee welfare

Employee costs

Blactricd h:

- e

Water
Data processing
Miscellaneous, including
accommodation,
shipyard hotel,
boiler testing and
inspection,
crane testing and
inspection,
fishermen's compensation,
gleaning of yniforms
Ticense fees.
In-yard transportation
Estimating
Tugboats
Indirect labor

Rentals
Insurance
Property taxes

Nanwasnd 284 A
vepregiation

Major maintenance
and repair
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EXHBIT 11-20
COVPARI SON OF G & A COST CATEGORIES

LSCo IH
80xx  Salaries of mana The costs carrieg. either b
8ustrlzﬂH %? afi ohs, E'Str'f 0?P|ce or byytﬁe
ccount|n% ead 8 ce -
ata processing personnel include those of:
82xx G&Awmn% mdeg
duEF subscripti ofs
Pu ic relations, | ndust r|FI relations
We am entertai nnent, @r
|naﬂce and accounting
egg ar|d or of eSS|ona| Servi ces. Pur ¢ a5|ng
83xx er Accounts incl uding CbnEuter| ation
Nar et|ng and sal es
e e%rap Cor porat planning and contro
clal  Security taxes, Ins ection
epreciation, neral admpistration
cgnventlons ntraft admni stration
g Vertising, neral managemen
onatl ons, Egsearch 8nd deveIoPnent
Posta e, sign and engi neer(ng
nsur dnce,
proﬁlt ‘shari ng
vacati ons,

= thrift p1an,
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EXHBIT I1-21
RANKING OF COVPARATIVE DIRECT LABOR RATIOS

RANK  |TEM# DESCRI PTI ON

; g Sternfrane and Sterntube
3 7 Bul wor ks and W ndbr eaks
4 85 gerwsmn
5 08 in
9 ;g chFI tl }hel vin
8 15 %II?Hea and Igram ng
9 73 ors an Hat ch e
}(]J 6 or|n<k; UI men
57 rricks and Cra
12 02 ann|n g 9 Hucuon Control
13 63 Propel | ers and S afting
14 13 -|u| Bottom
15 37 Dec houses
16 79 -| ec frical % E
17 65 Vachi ner an qU| pnent
18 35 Ladders ée ow \%’
19 45 Port. Lights ar\ ndows,
20 67 Heating,” Ventilation, Ar Cond.
21 55 adders ahove Deck
22 61 teFrln stens
23 03 Ul [ di ng ys and Launching
24 17 Hu|| | es an(é ﬁtachnents
25 21 HU cks and Flats
26 8! Blastin 9 and Pa| nting
27 00 Oontra ctual Costs
28 83 1Wstens
29 05 %
30 07 nstruction Services
23 U nner_ Bottom
31 Hull 1 Bot t
32 39 arters Qutfit
33 03 st|n and Inap ctLon
34 25 oundations. and’ Tanks
gg ;} Sarety Requirenents
37 19 H]gcellanegus Hul | Structure
38 06 \r ehousi ng
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EXHIBIT 11-22

RANKING OF COMPARATIVE DIRECT MATERIAL RATIOS

DESCRIPTION

RANK ITEM #
1 1 insurance, Christening, etc.
2 33 Deck Fittings
3 45 Portlights and Windows
4 71 Safety Requirements
5 75 Benches and Shelving
6 61 Steering Systems
7 69 Mooring Equipment
8 79 Electrical Systems
9 77 Awnings .-
10 37 Deckhouses
n 35 Ladders below Deck
ie 338 Quarters Gutfit
13 81 - Blasting and Painting
14 65 Machinery and Equipment
i5 73 Doors and HKatches
16 Qs Testing and Inspection
17 89 Welding Supplies
18 57 Derricks and Cranes
18 21 Hull Decks and Flats
20 01 Engineering
21 a3 Piping Systems
22 17 Hull Sides and Attachments
23 18 Hull Bulkheads and Framing
24 23 Hull Inner Bottom
25 13 Hull Bottom
20 7 Bulwarks and Windbreaks
27 55 Ladders above Deck
28 63 Propellers and Shafting
29 67 Heating, Yentilation and Air Cond.
30 03 Building Ways and Launching
31 00 Contractual Costs
32 29 Sternframe and Sterntube
33 19 Miscellaneous Hull Structure
32 25 Foundations and Tanks
35 AN Rudder
87 Steel Scrap
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26 Analysis of Variances (Step J)
26.1 Labor

The nost significant result of the conparison shown in [Exhibits [l-17
and|I1-21|was that LSCo's cost was expected to be lower than IH's in only

two out of 38 items, both of these heing of mniml significance. If the
significant itens are defined as those with the |argest nunber of manhours,
the single nost inportant is clearly Item 15, Bul kheads and Framng, which
shows a ratio of .1752, eighth in the ranking. O the six groups of itens,
the two | owest ratios are Machinery at .2259 and Hull Steel at .2549. The
myjor outfitting itens have the bhest ratio, .4321 as a group.

The conclusion was obvious. There was no single area of shipbuilding
activity in which IH was not expected to performsignificantly better than

LSCo and all activities therefore needed to be studied in the course of the
Technol ogy Transfer Program

26.2 Mteria

As in the labor conparison, IH's mterial costs were found to he
significantly lower than LSCo's estimted costs in all but-a small nunber of
relatively insignificant itens. The overall difference, however, was nuch
less than that between the respective labor costs. In the nost significant
item Machinery, the ratio was .6456, close to the overall average of .6778.

Hul | Steel was as much as .7198, the greater variances being in outfitting
material.

2.6.3 Overhead and G & A

A detailed conparison of indirect costs was not an integral part of the

cost analysis task but is of general interest in the context of conparison of
overall costs. After all the adjustments for conparability of accounting
described earlier: IH's overhead costs were about 23%and their G and A

costs about 79% of LSCCs.
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SECTION 3
REVI EW OF COST ACCOUNTI NG SYSTEMS (STEP K)

The procedures used for planning, recording and controlling expendi-
tures on new construction prograns in the two shipyards are essentially the
same in principle but are handled in quite substantially different ways. In
this part of this report these procedures are briefly described and conpared
and some concl usions are drawn astoareasin Whi ch Livingston and ot her
U.S. shipyards could [earn fromIH

The basic procedure is comon to both shipyards. It is illustrated
here in the flow chart of [Exhibit [11-i. |The different ways in which this
procedure is inplemented are described bel ow

3.1 Livingston's Cost Accounting Procedures

3.1.1 Program Budgeting at Livingston

The estimating process in ship construction is hased on the application
of unit costs of labor and material to a material take-off and is dependent
for its accuracy firstly on the accuracy and degree of detail of the material
take-of f and secondly on the reliability of the unit costs of |abor (manhours
per ton, etc.) and material applied to that take-off. The accuracy and
degree of detail of the material take-off are dependent on the amount of
avai | abl e design information, on the time available for estimating and on
the level of priority assigned by management to the estimating effort. The
reliability of the unit labor cost data depends on the famliarity of the
shipyard with the ship type. The reliability of the unit material cost
data depends on the famliarity of the shipyard with the ship type, on the
time available for obtaining current material prices and on the |evel of
priority assigned to the effort. Faniliarity, in this context, neans not
only experience with the ship type but also recent experience, since

estimting data, whether labor or material, becone less reliable with age.



Exxigir iii-1
BASIC PROJECT COST ACCOUNTING PROCEDURE

ESTABLISHMENT OF
CONTRACT PRICE
|
¥ .
DIRECT LABOR DIRECT MATERIAL
ESTIMATE ESTIMATE
4 [ 4
PRODUCTION PURCHASINA
BUDGET PRORRAM
L4 1 4
ACCUMULATION ACCUMULATION
AND AMALYSIS AND ANALYSIS
OF RESULTS OF RESULTS
v v
CORRECTIVE MODIFICATION OF
ACTION ESTIMATING DATA
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Livingston's Estimating department prepares a prelimnary SALES

ESTI MATE using the techniques described above, in which the estimated
direct costs are extended to a sales value according to the follow ng
formul a

SE=[DL (1 + OH) +DM X (1 +GA) X(I +P)

where: SE = sales estimte
DL = estimted direct labor cost
OH = overhead rate
DM = estimated direct mterial cost
GA= general and administrative expense rate
P = profit factor

In this calculation, DL and DM nust be estimated in the values at
which they will be incurred; i.e., fully escalated, unless there is a separate
contractual provision for escalation. Accordingly, the Estimting department
is provided with an outline schedule of projected expenditures for both Iahor
and material costs, usually in S-curve form by the Central Planning and
Control departnent, which allows themto calculate escalated values of [abor
and material costs based both on known factors such as the shipyard s |abor
contract and on assunptions regarding inflation.

At any given tine, the values of OH GA and P are set by management on
the basis of past experience and future expectations.

In the bid review process, management may nmodify any of the five variables
in the sales estimite function on the basis of their expectations or intentions.
The final sales estimate may therefore vary substantially fromthe prelimnary
sales estimate. Simlarly, in the course of the contract negotiation,
management may further nodify the structure of the sales estimate, so that the
CONTRACT PRICE may vary substantially from both the prelimnary and the fina
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sales estimite

Fol [ owi ng the establishment of a contract price, the Estimating
departnment nmodifies its direct labor and material estimtes to the extent
that this is necessary in order that their conbined sales value, after
extension by the final agreed values of OH G} and P, should match the
contract price. The Estimating department then turns the direct [abor
estimte over to the Central Planning and Control departnent and the direct
material estimte to the Material departnent.

3.1.2 Labor Cost Budgeting and Control at Livingston

The direct [abor estimate is in the formof manhours for each item and
subitem of the Livingston new construction item classification. The Centra
Planning and Control departnment distributes the manhours by item and subitem
to each shipyard departnent. This level of detail is called the PRODUCTI ON
BUDGET and after approval by the Program Manager is issued to the Prograns
Planning section of the Production Planning and Control departnent.

The Programs Planning section breaks the production budget down to
progressively more detailed levels, based on past records of actual require-
ments, difficulty factors and simlar paraneters:

first, into the zones into which the ship is divided, e.qg.,
Zone 1. md-body
Zone 2. stern portion
Zone 3: how portion
Zone 4. superstructure
Zone 5. external itens

Zone O support activities
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*second, into work groups, which for steelwork are the erection units
and for outfitting and other activities are either the erection
modul es or are the same as the new construction item nunbers.
o third, into work orders, which are generally numbered the sanme as
both process codes and gate numbers, a “gate” being a process lane, a
physical area or group of work stations where a particular process is
carried out.
This breakdown is placed in a conputer file and can be reviewed in the
formof a detailed listing with sub-totals at the different levels.
This budget is issued to the production departments in the form of
work orders. VMile a production supervisor (or foreman) requires a nunber of
different documents before he can undertake a piece of work - various schedul es
material lists, engineering draw ngs and sketches - the work order is the
controlling docunent since without it he has no authority to act. Indeed, if
he does the work without it, the |abor charges involved will be rejected the
next day by the labor cost computer system This systemties the work covered
by each work order to a single foreman. Hours charged to each work order
nunber can only be charged after the work order has heen “opened” and before it
is “closed” by the Production Planning and Control department; they can only be
charged by personnel of the departments identified on the work order; and the
charges must be approved by the responsible foreman. Exceptions are |isted
daily and rectified within 24 hours. The average size of work order is about
400 manhours and the average duration about 14 days. The average number of
rejected charges is about 150 per day, not counting rejections of a different
nature, such as arise fromwhat are known as payrol| errors - nistakes involving
the nunber of hours worked or the rate to be paid. This error rate averages
10% of the total nunberof charge cards and works out to about one per foreman.
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The labor cost conputer system sumarizes |abor cost in manhours in
26 different reports, some daily, some weekly, sone sem-nonthly, and sone
mnthly. These reports are described briefly in{Exhibit I11-2.| In addition

a sinple procedure is available to Livingston managenent by which, on request,
specific abstractions of |abor cost detail can be obtained at al most any |eve
of detail. As can be seen from Exhibit I11-2,|the nunber and scope of reports

available is so substantial that no one individual could conceivably review
themall and the sheer weight of paper involved is daunting. Accordingly,
several of these reports are only run when requested and several of the nore
detailed (and heavier) are not printed but converted to mcrofiche directly
from magnetic tape.
The Central Planning and Control department analyzes the semi-nonthly
| abor cost reports and maintains plots and other tabulations of productivity
and performance, by program by department, by process and by itenfsubitem
(in the new construction itemclassification). These data are used hoth for
managenent control purposes and to revise the Estimating department’s date files.
Projections of final |abor manhours are performed arithmetically in the
course of generating several |abor cost reports. The basic projection calculation
I's performed on each work order individually, according to the follow ng
(sinmplified) principles:
Closed Wrk Oders: the actual recorded manhours are, of course, the

final manhours.
Qpen Work Orders: the actual recorded manhours to date are divided by

the actual percentage progress to date (as estimated by the Production
Planning and Control departnent planner who generated the work order).
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150. 01
150. 02
155
160
165
170.01

170. 02

180
300
330
335.01
335.02
520
530
535
540
550
600
660
662
667

EXHBIT |11-2
LSCO LABOR COST CONTROL REPCRTS

REPORT TITLE
Conbi ned Labor Files
| ssued WO Anal ysis
|ten Subitem Report by Zone & Job
| ten Subitem Report by Job
Severe Variances on |ssued Ws
| ssued WO Analysis by Gate
Manhour Report by Cost Category

WO Process Cost Report by Zone (Direct

Labor (nly)

WO Process Cost Report by Zone (Al
Labor)

New Construction Re-work Listing
WO Mintenance Exception List

WO Maintenance Activity Report

WO Master Listing

WO Master Listing - Active W Only
Physi cal Progress Reporting Document
WD Log

WO Log by Item

Schedule of W to be issued

WO Change Report

MO Reference Cards

MO Master Listing - Active Ws Only
Qpen WOs Showing 100% Progress

FREQUENCY
Bi - weekl y

Al

Sem - nmont hl'y
Sem - weekl y
N

Bi - weekly
N
Dai | y
On Request
Sem - nont hl'y

WO Master Listing - Active WOs by Foreman On Request
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Unopened Work Orders: the budgeted manhours are assumed to be the

final mnhours.

The labor cost system being linked to the payroll system also calculates
actual labor costs in dollars. Projections of final |abor costs are made hy
hand on the basis of current average rates, the provisions of the conpany’s
| abor agreements and the planned distribution of |abor manhour expenditure
against time, as developed by the Central Planning and Control department.

3.1.3 Miterial Cost Budgeting and Control at Livingston

The direct material estimate is in the formof dollars for each item and
subitem of the Livingston new construction item classification.

Purchase requisitions are witten by the Material section of the
Engi neering department, using the official ship specification as one source
docunment and conpl eted engineering drawings as the other. Purchase requisitions
are sinultaneously entered in a conputer file by neans of a renote termnal.
Purchase requisitions, suitably approved by both the Project Engineer and the
Program Manager, are sent to the Purchasing department and routed to an
i ndi vidual buyer according to the itemsubitem number of the material being
pur chased

The buyer purchases the material |isted on each requisition in the usua
way and issues a purchase order, the details of which are also added to the
material conputer file, by means of a second remote terminal. Invoiced costs
are conpared manual Iy to the material estimte

Projections of final material dollar cost are performed manual ly by item
and subitemby the addition of total cost to date and each buyer's tabulation
of the estimted cost still to be incurred.
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3.1.4 Indirect Cost Budgeting and Control at Livingston

Indirect costs are budgeted and controlled at Livingston by department
and by cost account, independently of individual new construction prograns.
Budgets are established on the basis of corporate planning for manning |evels
and for the split of work between new construction (commercial ships), new
construction (offshore vessels), marine repair and other activities. They
are controlled by neans of nonthly review of individual departments’ perfor-
mance followed by corrective action as required.

New construction programs are charged with indirect costs on the sane
basis as they were contracted. [If a ship's contract price includes an over-
head rate of 90% that programis charged for overhead at 90% of direct
| abor costs, whether the division's actual overhead is running at 85% or
95% Any overhead cost that is either over- or under-accrued as a result of
this approach is credited or debited only in month-end financial results
for the shipyard as a whole. It is, of course, possible for one programto
be over-accruing overhead at the same time as another is under-accruing.
This is, however, irrelevant to the shipyard s performance on an individua
program which is primarily dependent on its direct costs.

3.1.5 Program Control at Livingston

Based on the various budgets and reports described briefly above,
Livingston's Central Planning and Control departnent produces two program
summaries for each new construction program The first, the monthly Percentage
Conpl etion Report summarizes performance to date in dollar terns at each |eve
of detail of the contract price - direct [abor, direct material, overhead,

g and a and profit. The second, the hi-monthly Contract Status Report,

sumari zes expected performance at conpletion, based on the current |abor and
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material cost projections. These reports also show the inpact on each
programis results of over- or under- absorption of overhead and G and A
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3.2 IH's Cost Accounting Procedures

3.2.1 Program Budgeting at |H

Marketing, estimating and contract negotiation are handled by IH's
head office on behalf of all IH"'s six shipyards and other industrial plants.

For each new ship, the Qperations Control department at head office
prepares an | NNER SALES PRICE which is essentially the budget to which the
ship is to be built, regardless of contract price. This is then split
between IH divisions, with each portion being known as the SHARED SALES
PRICE. The shipyard s shared sales price includes only those costs to he
incurred by the shipyard, excluding work to be done by other divisions,
such as main engine construction, and major material acquisition, which is
done centrally at head office, in order to obtain the maxinum benefits of
ordering in quantity. The Cperations Control departnent also prepares a
maj or-events schedule to which the shipyard will work.

The shared sales price, broken down according to the following fornula
is turned over to the shipyard s Production Control department for devel opment
of the next level of planning. The Production Control department is the
shipyard General Superintendent’s staff and is roughly anal ogous to
Livingston's Central Planning and Control department.

SSP=[ DL (LR+OH)+DMDE] X (I + GA) X (| +P)
where  SSP = shared sal es price
DL = estimated direct |abor manhours
LR = current average direct |abor rate for this shipyard ixper
manhour
OH = current average cost of overhead for this shipyard calcul ated
as the ratio of total indirect costs to total direct |abor
manhour s
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DM= estimated cost of direct materials to be bought by the
shi pyard

DE = estimated cost of direct expenses to be incurred by the
shi pyard

GA= current corporate general and admnistrative expense rate,
set by head office

P = profit factor, set by head office.

3.2.2 Labor Cost Budgeting and Control at IH

The Production Control department incorporates the details of the
shared sales price into its departmental budgeting system For each depart-
ment (hull, fitting, repair and general) a departmental budget control sheet
IS maintained, covering a six-month period and specifying all direct and
indirect manhours and costs, budgeted, targeted (usually at 95% of budget)
and actual, month by nonth., As each nonth's actual results are added a
fresh projection of the six-nmonth period's results is mde. The sales price
for a new ship will not normally need to be added to the current contro
sheet but nust be incorporated in subsequent editions.

The Production Control department also prepares Departmental Budget
Target Sheets for each indirect cost account on each of which a specific
proposal for reducing indirect cost is described, a target budget established
and actual results recorded over the six-month period. Indirect costs are
measured in yen per direct manhour.

A third basic budgeting document is the Departmental Execution Plan,
in which each department’s planned and actual performance over the six-month
period are tabulated and plotted for a nunber of paraneters, including

direct |abor manhours, subcontractor manhours, manpower, attendance and
ot hers.
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Finally, the Production Control department also Mintains an Qperating
Manpower Plan which spells out manpower requirements monthly for two years,
conpares themto projected manpower availability and describes its proposals
for accommodating any differences.

At the next level of planning, the Production Planning sections of the
Hul'l and Fitting Departnents are each supplied by the production Contro
department with a total nunber of available direct manhours and an -S-curve
showi ng their planned expenditure against tine.

The Hull department’s production Planning section then perform a

simlar process, splitting its manhour budget between shops:
o fabrication

assenbly
* erection
o transportation
and developing S-curves for each. The Fitting department’s Production
Planning section does the same for:
pai nting
deck fitting
. Quarters fitting
modul e fitting
specialized fitting
. electrica
A meeting is then held to review these budgets and outline schedul es.
The shipyard's General Superintendent can reassign manhours between shops
and between the Hull and Fitting departments. He can go back to the head
office for moemanhours if the total budget is considered insufficient,
though this is apparently rare. He can also hold a portion of the man-
hour budget in reserve if he or his staff feel that the budget is nore

than enough or if he wants to “target” a departnent.
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Fol lowing this meeting, the budgets and schedules are then passed down
to the staff of each of the ten shops, who schedule the work to be done
and the manpower assignments according to the procedures described in the
Shipbuil ding Technol ogy Transfer Progranmis Report on Planning and Production
Control (LSCo. 2123-3.0-4-1).

Actual direct labor costs are returned to the planners at each |eve
in the sane detail as that in which their expenditure was schedul ed,
that is, by departnent, by shop, by foreman and by assistant foreman:
because this breakdown is analogous with the different ship construction
processes it provides enough detail to allow manual calculation and
plotting of productivity and performance paraneters. Each |evel of
planning is-interested only in the results at that level. Thus the
shop planners require the fullest detail, but for their own shop only;
the departmental planners only require total shop results, for their
departnent only; the Production Control department requires only the tota
results of the two new construction department, Hull and Fitting, for
incorporation in its control sheets; and the Qperations Control Departnent
at head office is interested only in total contract results from each
shi pyard

3.2.3 Material Cost Budgeting and Control at IH

The bulk of the material required for each ship is purchased by the
central Miterial department at IH's head office. The shipyards them
selves do not even have purchasing departnents; the relatively [ow |evel
of purchasing effort left to themis performed by regional Purchasing de-
partments. At Aioi, for instance, the regional purchasing departnent
serves four plants - the shipyard, the diesel engine works, the boiler
works and the foundry.
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Wth this arrangenent, shipyard personnel have no need to worry ahout
material cost budgeting and control since it is largely out of their hands

3.2.4 Indirect Cost Budgeting and Control at IH
The Production Control departnent’s procedure for budgeting and con-

trolling indirect costs has already been touched on in the description of
the Departmental Budget Target Sheets for indirect cost accounts. The
calculation of the indirect charge rate as the ratio of total indirect
costs to total direct manhours has also already been NMENt | ONed.

The differences between IH's and Livingston's definitions of
“direct” and “indirect” were identified in detail in Section 2 of this

report.

3.2.5 Program Control at IH

The Production Control department prepares a nonthly profit and [oss
statement for each program subdivided by cost account and presented on a
six-month spread-sheet.  These programreports are hased on the budgets

i ssued by the Production Control department and on the actual costs
returned: they contain no more detail than the departnment included in its
| evel of the budgeting process.

The results of each program are incorporated in a monthly overal
profit and | oss statement for the shipyard as a whole, also prepared by
the Production Control department and submtted to head office. Prograns
are included in this report only in the month in which they are conpleted,
when they are reported in total. This technique is not as extraordinary
as it sounds to a US. shipbuilder because of the high level of output of

|H"s shipyards, the short construction tines and the frequency of ship
del i veries.
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3.3 Conmparison of IH and Livingston Practice

There are two significant differences between Livingston and IH
practice. There is a reason for each and a conclusion to be drawn.
(1) The budgeting process at IH is nuch nore stratified than at

Levingston.  In IH the process flows down through five hierarchica
level s and back agai n:

Level Detail
Qperations Control By shipyard and by ship
Production Control By department
Program Pl anni ng By shop
Shop Pl anning By foreman and assistant foreman
Foreman Dai |y refinenent

In Livingston, in contrast, the first three [evels are handled by the
Central Planning and Control department and the last two by Production
Planning and Control. There are specific reasons for this approach in each
case. The IH technique of planning at each level with the staff at that |eve
is clearly desirable in that the staff at each |evel have the best understanding
of both the capabilities and the limtations of the shipyard at that |evel.

Each staff engineer/planner is an expert in his own area and at his own |evel of
detail.

At Livingston, the planning function is in a long slow process of change
not only as IH's techniques are introduced but also because of the paralle
introduction of a number of controls (closing of |oopholes) and computer
systems that were needed and were in process of introduction before the
arrival of IH's advisory team Accordingly, it is easier to manage these

changes if the planners involved are not scattered throughout the organizationa
structure
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It is also relevant to remenber that IH's staff planners are nostly
degreed engineers requiring very little direction and that IH's personne
are all thoroughly famliar with the system It is therefore quite practica
to assign a single staff engineer to work with a single foreman, while in
Livingston this will not be possible until (a) all systems are operating
smoothl'y, (b) both foremen and planners are better educated, and (c) the
planning and control function is able to justify a level of staffing that
is more conparable to that at IH.

(2) The feedback of actual cost data at IH is only in as nuch detail as
was the original budgetary data. At each level of the planning hierarchy,
the planner only gets back as nuch detailed information as he generated in the -

first place. At Livingston, by contrast, nost reports are in extensive detail
Extensive detail was called for deliberately, in an effort to ensure that

actual results can be analyzed as thoroughly as possible and in the expectation
that the passage of time would make it clear which reports were the nost val uable.
In this respect, therefore, the large number of reports and their great detail

is not yet a cause for concern. It is, however, a valid criticism that
Livingston has too few sunmary reports: so much effort went into developing a
conprehensive system of detailed reports that the need for summary reports at

different levels of detail was largely overlooked. This deficiency is now being
corrected.
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SECTION 4
ANALYSI S OF ACTUAL RESULTS

This report was written shortly before the conclusion of the Shiphuilding
Technol ogy Transfer Program in March 1981, At that time, the first LSCo
bul ker was effectively conplete apart fromsea trials; the second ship was
68% conpl ete and about two months away fromlaunching; the third, ship was
only 11% conpl ete.

4.1 Measurement of Actual Costs (Step L)

Throughout the course of the Shipbuilding Technol ogy Transfer Program
actual costs have been collected and conpared to the original estimte.

projections of manhours at conpletion were made nonthly after each
vessel had reached 25% of manhour expenditure. Fol [ ow-ship projections were
assumed to be the sane as those for the preceding ship wtii the 25% mark was
reached. As a result, the third-ship projection used in this report is
essentially the same as that for the second ship, although some inprovenent
may reasonably be expected.

Projections of material cost at conpletion were nade hi-nonthly. Al nost
all mterial was purchased in quantities of three, with the result that the
few variances between the material cost projections for each ship arise
either fromspecifically “front-end-load” items or fromthe effects of
escal ation clauses on certain major itens. The first-ship material projection
I's not therefore a genuinely single-ship cost: although it includes all the
front-end-1oad elements, it is under-stated to the extent that nmost of the
i tens bought in bulk were bought on a three-ship basis. Insofar as these
itens are generally items for which no multiple-order discount is usually
available, however, no dramatic loss of significance is involved At
the time of witing, virtually all material for all three ships had been

4-1



Purchased. The only variances between the three material cost projections
and the final cost returns on each ship will arise either fromvariations

between estimated and actual consunption of stock items during the

remai nder of the construction period or from changes in escalation require-
ments on items bought but not yet delivered.

Exhibits V-1, [I1V-2 [and| I V-3 |present the projected final manhours for

each ship. |Exhibit V-4 |presents the projected final material cost for the

first ship: in the light of the foregoing discussion it is not relevant
to include the followship mterial cost projections.
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l,fsc’() . EXHIBIT Jv-2

PROJECTED FINAL SECOND SHIP MANHOURS

ITEM # DESCRIPTION PROPORTION

00 Contractual Casts -0008
03 Buflding Ways and Launching - -0142
05 Kold Loft -0039
06 Warehousing -0101
07 Constructicn Services -0264
08 : Clean Up -0357
Qs Testing and Inspection ggg]
b Insurance, Christening, ete. -ooos
Sub-total Preliminary Items -1256
o1 Enginearing -0093
02 Planning and Production Control -0237
85 Supervision -1071
Sub-total Staff Itams -1402
13 Hull Bottem .0229
15 Rull Bulkheads and Framing .2086
17 Hull Sides and Attachments .0872
21 Hull Decks and Flats .0330
23 Hull Inner Bottcm .0635
27 . Bulworks and Windbreaks -0019
37 : Deckhousas -0428
87 Stasl Scrap : -
&9 ¥Welding Supplies -0004
Sub-total Hull Stael Itams -4364
19 Miscellaneous Hull Structure -0005
25 Foundations and Tanks -0144
33 Deck Fittings -0039
3§ Laddars below Dack -0093
535 Ladders above Deck -0039
73 Docrs and Hatches -0117
75 . Benches and Shelving -0012
77 Awnings -
Sub-total Minor Stes] Items 0448
29 Starnframe and Starntube -0017
31 Rudder .0054
45 Port Lights and Windows -0004
57 Derricks and Crznes -0046
61 Stesring Systems -0003
63 Propellers and Shafting - -0016
65 Machinery and Zquipmant -0056
69 Meoring Equipmant -0031
71 Safety Requiresents -0010
Sub-total Machinery Items -0277
39 Quartars Qusfit -0221
67 Heating, Ventilztion & Air Conditioning -0038
79 Elactrical Systams -0342
81 Blasting and Painting '0529 .
83 Piping Systams -0753
Sub-total Qutfitting Itaczs -2054
Total A1 tens 1.0000
Sub-tatal Praliminary and Staff Itams . .2658
Sub-total A11 Stael Tiems 5012
Sub-total A1l Qutfizsing Isems 233

TOTAL ’ A1l Items 1.0000



Loeo BHBIT V-3
PROJECTED FINAL TH RD SH P WAHOLRS

I7IM ¢ DESCRI PTI ON

00

& um |ir%q Wﬁysco a% Launchi ng
06

07 rnes (H oqn Servi ces

08 el L%

09 es mg and ns ect|on

11 nsurance, tenrng, etc.
Sup-tot al Prel1mnery Iten's

01

- EP%HF;? ' Production Control
85 upe Vi

Sub-t ot al Statt te

13

: | 3?

: “ 4

u nner

il uC ks a reaks

% F8| ng gu p||es

Sub-total Hul [ Steel [tens

18 sce[Tangous  HILT Structure
s 0u Jﬁnon and Es

33 |th| ng

® aé ers 8 w&c&

5 aqders 3

73 5 an g

75 R R AT ng

7 i ngs

sub-total Mmor Steel Ttens

g? Sue'n‘rame and Sterntube
45 s and Wndows

: g

83 Hell HSmSSha | g
& nery %r? ﬁ'

n P einge&w fes en‘ent

Sup-total Machinery Ttens

38 rs T
& % #Iamn&#\l Condi ti oni ng
81 es h B0

83 | pIng gSys ;
Sub-total Quetitting Ttens

Total Al Itens

ndbh T e e s
U0-10 ai A1l Outfitsing Itams

TOTAL Al ltems

PROJECTI ON

.0007
L0137
. 0337
. 0097
.0251
.0361
. 0345
. 0004

L1239

.0094
. 0226
. 1037

. 1357

.0231
. 2068
. 0881
. 0333
. 0642
.0020
. 0424

.0004

. 4603

. 0005
. 0138
.0039
. 0094
.0039
.0118
. 0012

. 0445

.0017
. 0055

.0004
. 0046
. 0004
. 0016
. 0097
.0031
.0010

.0280

.0224
.0038
.0345

.0706
.0761

. 2074

1.0000

. 2596
. 5048
. 2354

1.0000




Lo
EXHIBIT Iv-4

PROJECTED FINAL FIRST SHIP MATERIAL COSTS

ITEM & DESCRIFTION PROPORTION
00 Contractual Costs .0239
03 Building Ways and Launching .0138
03 Mold Lofe .00aa
06 Warehousing -
07 Construction Services .0081
08 Ciean Up -
Dnemscmer o~ - - - Testing 2nd Inspection .0063
n Insurance, Christening, ete, 0224
Sub-total Prelicinary ltems .0788
o Enginearing .0739
02 Planning and Production Control .0032
8s Supervision -
Sub-total Staff ltems 077
13 Hull Bottom 0135
15 Hull Bulkheads and Framing .0606
17 Hull Sides and Attachiments .0300
21 Hull Decks and Flats .0226
23 Hull Inner Bottiom 0312
27 3ulworks 2nd Windbreeks .0003
37 Deckhouses .0203
87 Staa] Scrap -
g8 Welding Supplies 0126
Sub-total Hull Stes} Items 191
15 Miscellaneous Hyll Structure -0006
25 Foundations and Tanks .0048
3 Deck Fittings .0037
33 Ladders balow Deck -0038
55 Ladders 2bove Deck .0020
73 Doors and Hatches .0644
7 Banches and Shelving .0013
7 Awminge .0001
Sub-total Minor Stes] Items .0807
28 B Starnframe and Starntube 0119
31 Rudder -0080
45 Port Lights and Windows U014
57 Derricks and Cranss .0052
61 -~ Staering Systems . : 0042
63 Prepellers and Shefiing .0142
& Machinery and Equipmans .2721
65 Mooring fquipment . .0272
7i Safety Reguirements .0m3
Sub-total Fachinery Izems -3555
23 Quarters Qutfit .g?gg

Hezting, Vantilation & Air Conditionin .
79 Electrical Systens 9 -0467
81 Blasting and Painting 0274
x| Piping Systams 0812
Sub-total Out¥itting Items .2168
Total A1l Items 1.0000
Sub-total Praliminary and Staff Isemg 1560
Sub-total A1l Stesl Tzems .2718
Sub-totai R11 Qutfitting Itexs .5723
TOTAL A1l Items 1.0000

R



4.2 Conparison of First Ship Actual Costs (Step 11)

Exhibit IV-5 ponpares first-ship projected final manhours to the
estimated manhours and [Exhibit [V-6 fonpares themto IH's first-ship manhours.
Exhibit V-7 conpares first-ship projected final material costs
adjusted for inflation, to the estimated material costs and|Exhibit 1V-8

conpares themto IH's first-ship material costs

4.3 Analysis of Variances (Step N

43.1 Labhor

Oly in the machinery group were actual manhours consistently below the
estimated level: in the mnor steel group there was some inprovement and in
the outfitting group the good performance on three itenms was nore than cancelled
out by the poor results on the other two. The worst over-runs were experienced
on two support items, planning and production control and testing and
inspection. The biggest inpact, however, was inthe 16%over-run on hull stee
manhours.  The comparison with IH's actuals is inevitably even |ess favorable
than was the earlier conparison of LSCo's estimate with IH's actual manhours
and there are no special |essons to be |earnt.

43.2 Material

Material costs were generally in line with the estimte. It is difficult
to draw conclusions fromthe apparent 4% over-run in the light of the very
approximte way in which actual costs were de-escalated for conparative
purposes: an increase in assumed annual inflation of about 1% would result
in a one-to-one ratio. There are a few items which were significantly over-
run but the only ones of any great absolute value were Piping Systens and
Engineering. The two largest items, the Hull Steel group and Machinery and
Equi pment were close to the estimate. There is no particular new point to be
made fromthe conparison with [H's actual costs
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EXHIBIT jv-5
COMPARISON OF actyar FIRST <H1P MANHOURS
(RATIO OF LSCO ACIyAL TO LSCO ESTIMATED MAHOURS)

RATIO

ITEM ¢ DESCRIPTION —_—
00 Contractual Costs e
03 Building Ways and Launching 1.2827
05 Mold Loft 2 4043
06 Harehaus‘lng 1.4940
07 Construction Services 1.0255
08 Clean Up 41424
0s Testing and Inspection
n Insurance, Christening, etc. -
Sub-total Prelizinary Items 1.3709
01 Enginearing 1.9704
02 Planning and Production Control ?33%3
8s Supervision -3
Sub-total Staff Items 1.7265
13 Hull Bottom -9845
15 Hull Bulkheads and Framing . }-°}§
17 Hull Sides and Attachments ]’gsu
21 Hull Decks and Flats 1.0218
23 Hull Inner Bottom ‘4772
27 Bulworks and Windbreaks 1.2131
37 Deckhouses .
87 Steal Scrap
89 . Welding Supplies -
Sub-total Hull Steel Itams 1.1647
18 Miscellaneous Hull Structure }'ggg
25 Foundations and Tanks 1.0898
33 Deck Fittings ° .57]8
35 Ladders balow Deck ‘5268
85 Ladders above Deck “6503
73 Doors and Hatches ‘2910
75 Benches and Shelving -
77 Awnings
Sub-total Minor Steel Items 1.3258
29 Starnframe and Sterntube g}
k)| Rudder .2515
45 Port Lights and Windows *5200
57 Derricks and Cranes 3000
61 Steering Systems .3418
63 Propellers and Shafting 5220
65 Machinery and Equipmant 8909
&9 Mooring Equipment 5263
Vi Safety Requirements
Sub-total Machinery Items e ad
39 Quarters Qutfit -3022
67 Heating, Yent{lation & Afr Conditioning 'ggé
79 Electrical Systems 1.5006
81 8lasting and Painting 1.6452
83 Piping Systems —_—
Sub-total Qutfitting Items 1.23%64
Total A11 Items 1.2116
Sub-total Preliminary and Staff Items . 1.5826
Sub-total A17 Stasl Ttems 1-’8?{
Sub-total . A1l Outfitting Items 1.05

TOTAL A1l Itams 1.2116



EXHIBIT 1V-6
COMPAD

MPARISON OF ACTUAL FIRST SHIP MANHOURS
(RADIO OF IHI

CTUAL MAKHOURS TO LSCO ACTUAL MANHOURS)

<0
A

IicM 3 DESCRIPTION
00 Contractual Costs )
3 Suiiding Ways and Launching
Qs Mold Loft
05 Warehousing
07 Construction Services
08 Clean Up
0s Testing and Inspaction
1 Insurance, Christaning, ete.
Suk-total Preliminary Items
0l Enginearing
02 Planning and Production Control
85 Suparvision
Sub-total Staff Itams -
13 Hull Bottom
15 Hull Bulkheads and Framing
17 Hull Sides and Attachments.
ra| Hull Decks and Flats
23 Hull Inner Bettom
ra Bulworks and Windbreaks
37 Dackhouseas
87 Steel Scrap
a9 Relding Suppiies
Sub-total Hull Steal Itams
19 Miscellaneous Hull Structure
2 Foundations and Tanks
33 Deck Fittings
kS Ladders belew Deck
33 Ladders above Dack
73 Doors and Hatches
75 Benches and Shelving
77 Awnings
Sub-total Minor Stasl Items
28 Starnframa and Sterntube
31 Ruddar
45 Port Lights and Windows
57 Derricks and Cranes
s Stesring Systems
€3 Prepellers and Shafiing
€ Machinery and Zquisment
6% Kooring Equipment
7i Safety Requirements
Sub-total Machinery [t{ems
3s Quartars Qutfit
€7 Hezting, Ventilation & Air Conditioning
79 Electrical Systams
8i Biasting and Painting
83 Piping Systams
Sub-total Outfitting Itexs
Tet2l A1l Items
Sub-tstst Pretiminary angd S3aF [ta=s
Suo-to7al AlT St321 Itess
Sub-totai A1l Cutfitting Items
JUiAL A1l Izems

- S0 1pp e 456



EXHIBIT Iv-8
COMPARISON OF ACTUAL FIRST SHIP MATERIAL €OSTS

AL NATE ey wve

{RATIO OF IHI ACTUAL COSTS TO LSCO ACTUAL COSTS)

17EM 4 DESCRIFTION RATIO
00 Contractual Cescs 2.5531
03 Building Ways and lLaunching .3980
H Mold Lofe -
05 Warshousing -
07 Construction Sarvices -
o)} Clean Up -
0s Testing 2nd Inspection .1400
1 insurance, Christaning, ete. 1432
Sub-total Preliminary Items 1.1312
0l Enginesring .0763
02 Planning and Production Control -
8s Supervision -
Sube-total Staff Items .0731
13 Hull Bottom .7452
15 Hull Bulkheads and Framing 8267
17 Full Sides angd Attachments .7288
21 Hull Decks and Flats .6861
23 Hull Inner Botiom - .9423
27 Bulworks 2nd Windbreaks 1.6752
37 Dackhouses 4719
87 tea] Scrap -
gs Welding Supplies .9155
Sus-total Hull Stea] Itams .7767
15 Miscellaneous Hull Structure .6278
il Foundations and Tanks .5508
a3 Deck Fittings 1346
s Ladders below Deck .2575
£5 Laddars above Deck .5888
73 Doors and Hatches .6283
75 Benches and Shelving .1643
77 Awnings .4565
Sule-total Minor Stasl Itams .5752
28 Sternframe and Sterntude .6835
31 Rudder .9457
45 Port Lights and Windows .727%
57 Derricks and Cranes .8863
61 Stearing Systems 7312
63 Prepellers and Shafting .8662
& Machinery ané Equipmant 6411
§2 Mooring Zgquipment .6051
gl Safety Reguirements .5718
Sub~total Machinery Items .6589
38 Quartars DutHit ] .5320
67 Heating, Yentilation & Air Conditicning -4006
78 Electrical Systams 7794
81 Blasting and Painting .4648
g3 Piping Systems .5133
Suts-total Outfitting Items .5584
Total A1l Items .6506
Suts-tot2l Preliminary and St2ff Itaxs .5384
Sut—~to0t2) A1l Steel Itess .7169
Suts-~total A1l Dutfitting Items .6208
To0TAL A1l Items 6506

O e . o1



4.5 Analysis of Learning Curve Effects (Step P)

After adjustnment for the inpact of front-end-loaded itenms, the expected
ratio of second-ship production manhours to first-ship production manhours
is about 92% Alnmost all of this inprovenent is in outfitting: the separate
ratios for steelwork and outfitting are 98% and 82%

The effect of this inprovement is to bring second-ship total manhours
to 99% of total estimate. Wthin this figure, however, steelwork hours
will still be 17%over the estimate.

It this 92%inprovenent correctly reflects the first point on a
“learning curve" the third ship can be expected to result in a further
i mprovenent of about 4% rather than the cautious 1% shown in the projection
of_Exhibit IV-9.
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[Tz ¢
00
03
05
06
07
08
0s
n

Sub-total

Sub-tetal

Total

Sub-$otai
Sub-tazal
Sub-total

TOTAL

EXHIBIT 1v-9
COMPARISON OF FOLLOW SHIP TO FIRST SHIP MANHOURS

DESCRIPTION

Contractual Costs

Building Ways and Launching
¥51d Loft

Warehousing

Constructicn Services

Ciean Up

Testing and Inspection
Insurance, Christening, ete.

Preliminary Items

Engineering
P1ann1ng and Prcduction Control

QUU:X’V l) lun

Staff Items

Hull Bottom

Hull Bulkheazds and Framing
Hull Sides and Attachments
Hull Decks and Flats

Hull Inner Rottom
Bulworks and Windbreaks
Dackhousas

Stesl Scrap

Welding Supplies

Hull Steel Items

Miscellaneous Kull Structure
Feundztions and Tanks
Deck Fittings

Ladders below Dezk
Ladders above Dack

Doors and ﬂa»ches

Benches and She 1ving
Awnings

Minor Stes] Items

Starnframe and Sterntube
Rudder

Port Lights and Windows
Derricks and Cranae
Steering Systems
Propellers and Sraft1ng
H;;u.ne-y &nd tguipmant
Mecoring Scuipment
Safety Requirements

Machinery Items

Quarters Outfit

Heating, YbntiIa tion & Air Cond.
Electrical Systems

Blasting and P2inting

Piping Sys.ens -

Qutsit 1n§ Items

A1l ltems

Preliminary and $22%F ltams
A1l Stzel It

Steel ]
A1l Quefittin

All Itenms

SECOND THIRD
SHIP su1p
1.0000 9500
~7205 ~6845
3745 3662
29623 18
-8753 .8238
“7694 +7694
-8500 -8500
1.0000 .9500
7372 7196
.1085 .1085
551 .5201
.8432 .8076
5478 5247
.9943 .9943
1.0015 1.0015
19776 -9776
3183 "8163
1.1290 1.1290
-9502 ~9502
1.0239 1.0025
.8026 .8026
.9974 .9953
.9353 .9353
.3004 .7608
-8017 -8017
~9515 -9515
18663 -8663
-84g1 “8481
-7583 .7583
.8485 .8340
.9406 .9406
.8963 -8963
"8319 -8319
-9143 -9143
8333 -8333
-9926 19926
-8208 -8305
'8419 ‘819
~7874 ~7874
8718 .8N8
.8483 .8483
“7602 -7602
2040 8040
7791 7791
~7961 27961
.8092 .8092
.8182 .8096
.6235 .6026
~9820 ~9787
-8161 “8161
.8182 .8096
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